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bilitari truncum aortse, et ad aneuryfmata reddi pro- 
num. Demonftrat etiam, in ipfo fanguine ubique 
terram veram calculofam circumvehi, nec in rena- 
libus folum viis deponi, fed ibi hserere et congeri, 
ubi ruptae funt leviffimae membrane vaforum, et at- 
tradtio terrearum molecularum ad afperas ina:qualcs 
fuperficies major eft. 


XVI. A Memoir on the Lacrymae Batavicse, 
or Glafs-Drops } the tempering of Steel, 
and Effervefcence, accounted for by the fame 
Principle. By Claud, Nic. le Cat, M. D. 
F. R. S. See. ‘Tranfated from the French, 
by T. S. M.D. 

“’HE Glafs-Tear, or Drop, commonly 
* 749 ' JL called Lacryma Batavica, or La- 
cry m a BoruJJica, becaafe it was firft made in thefe 
Countries, is much celebrated among Natural Phi- 
lofophers, upon account of the lingular Phoeno- 
mena which it exhibits, and which have for a long 
Time exercifed their Sagacity. 

The Make of this Drop is as limple as its Ex¬ 
planation is difficult. It is the Work of the meaneft 
Workman in a Glafs-houfe. On the Top of an 
iron Rod they take up a fmall Quantity of the Mat¬ 
ter of Glafs in Fulton : They let it drop into a Pail 
of Water : The Drop makes that Part of the Water 
which it touches, to boil with a hilling Noife, as a 
red-hot Iron would do, which it refembles in that 
Inftantj and when it does not break in this Ope¬ 
ration, 
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ration, as it moft frequently does, it forms the little 
pyramidal Mafs, which is known by the Name of a 
Glafs-Drop; the Effects whereof I will firft relate, 
and then endeavour to account for them. 

Experiment 1. This Drop is of fuch Hardnefs and 
Refinance, that it bears fmart Blows of a Hammer, 
without breaking. 

Exper. 2. Neverthelefs, if you grind the Surface 
of this Drop which refilled the Hammer, or if you 
only break the Tip of the fmall End or Tail, the 
Whole fhatters into Powder. 

Exper. 3. This Shattering of the Drops is attended 
with a loud Report; and the Dull or Powder to 
which it is reduced, Ihoots out, and fcatters all 
around. 

Exper. 4. If the Drop be ground with Powder 
of Emery, imbibed with Oil, it often efcapes 
breaking. 

Exper. f. If this Experiment be made in the 
Air-Pump, the Drop burfts with greater Impetuofity* 
fo as fometimes to break the Receiver - and its Dull 
is finer than when done in the open Air; and if it 
be made in the dark, the Drop in burfting produces 
a little Light. 

Exper. 6. If this Drop be annealed in the Fire, 
it lofes all thefe Singularities; and being reduced 
to the State of common Glafs, it ealily breaks un¬ 
der 
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der the Hammer} and does not burft upon break¬ 
ing the fmall End. 

Bxper. 7. The Drops that are made by letting 
them cool in the Air, produce no other EfFe&s 
than thofe which have been annealed. 

The firft natural Philofophers who endeavoured to 
inveftigate the Caufe of thefe Phenomena, imagined 
that they found it in the Air. Some of them Pup- 
pofed, that this Air was {hut up in the Drop by the 
Cruft which the cold Water forms on its Surface 
while it is yet red-hot; and attributed its Rupture 
to the Violence with which this Air iffued thro' the 
too narrow Paflage made for it, in breaking the 
fmall End of the Drop. Others maintained on the 
contrary, that the Drop, in this State, contained no 
Air at all, nor anything but Particles of Fire, or 
fubtile Matter; or, in one Word, a Vacuum of Air; 
and that the fudden burfting of the Drop was oc- 
cafioned by the impetuous Entry of the Air into 
this fort of Vacuum. In fine, the Cartejians have 
fubftituted their fubtile Matter in the room of this 
exterior Air, and fay, that the Drop is burfted by 
the lefs fubtile Particles of this Matter; which enter¬ 
ing with Force into the Drop by the Opening made 
therein, and finding large Pores on the Infide, and 
fmall ones on the Outfide, burft the Sides of the 
Drop, by rufhing from the Centre to the Circum¬ 
ference, wherewith its Palfage is obftru&ed. 

MelT. Mariotte and Homherg came afterwards; 
Being provided with an Air Pump, they caufed one 
of thefe Drops to be broken in Vacuo ; and tlorn- 
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berg having obferved, that it broke therein better 
and with a louder Report than in the open Air; 
they both inferred, that neither the impetuous En¬ 
try of the outward Air, nor that of a Fluid fome- 
what lefs grofs, could be the Caufe of this Shock; 
bccaufe the Receiver of the Air-Pump is void of 
thelc Fluids; and even if a littl; fhould remain 
therein, it is too much rarefied, and too thin to be 
capable of fuch an Effect. 

Mr. Mariotte, thro’ fome Remains of Attach¬ 
ment to an Opinion, which he had held to that 
Time, did not intirely exclude the exterior Air from 
the Caufe of the Phenomenon of the Drop; but 
thought proper to add another to it; which he 
makes ufe of as a Subftitute in Cafes like thofe of 
the prececing Experiment, where the Infufficiency 
of the Air, or of a Fluid nearly ftmilar to it, plainly 
appears. 

Mr. Homherg Chews no Indulgence to the exte¬ 
rior Fluid; and aferibes the Whole to the new 
Caufe, which is, the Quality of temper’d Glafs, which 
the Drop acquires, like Steel, by being thrown red- 
hot into cold Water. This Tempering, according 
to thefe great Academicians, confers at the fame 
time more Springinefs to the Parts, and lefs Con¬ 
nexion with each other. When a Steel Sword- 
Blade is bent forcibly, it breaks more ealily than one 
of Iron; and the Jarring which is occafioned by its 
Spring, is capable of breaking the other Parts of the 
Blade: And thus we fee, that it generally breaks 
into feveral Pieces. This Blade is the Image of the 
Lacryma Batavica , or Glafs-Drop. 

This is the Point to which I found Things brought, 
when 1 began to ftudy the Phdenomena of the Glafs- 
Drop. The 
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The Air was partly baniftied from the Infide of 
this Mafs of Glafs: There is none in the liquid red- 
hot Matter of a Glafs Furnace. It was purely out 
of Complaifance for a generally received Opinion, 
that Mr. Mariotte allowed the exterior Fluid any 
Share in the Phenomenon j and Mr. Homherg put 
the finifhing hand to its Exclufion. But the Sort of 
Temper given to the Drop by plunging it red-hot 
into cold Water, and its Comparifon with temper'd 
Steel, is not fo much a Caufe as a Comparifon: 
And moreover, is this Comparifon very juft? Can 
there be any between a long, thin Sword-Blade, 
which breaks into two or three Pieces, and a thick 
inflexible Mafs of Glafs, which flies into Powder, 
The Tail alone of the Drop might feem to favour 
this Parallel: But an Experiment, which I made, 
entirely deftrovs this Opinion, and proves, that it 
is not the Spring, or the Vibrations of the Parts 
of the Drop, that occaflon its buifting. 

I put about half the Tail of a Glafs Drop into a 
Vice between two Bits of Deal-board of about a 
Finger’s Breadth. 1 ferew’d the Vice, till I faw this 
fmall Cylinder or Thread of Glafs make Imprefiions 
in the Wood on each Side for its Lodgmenr, in or¬ 
der to be lure that it could not be lufcepriMe of 
Vibrations. In this Condition I broke the End of 
the Tail, fupporting it on my Nail, to prevent force- 
ing any Part but the End which l intended to break; 
and in order to be the more certain of giving no 
Shock to the Part that was fqueezed in the Vice. 
My Drop flew into Powder as ufual $ and the Por¬ 
tion feeured between the two Bits of Wood, per¬ 
fectly retained its Figure in the Imprdlxons wherein 
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it was' lodged. But when I touch’d this little Cylin¬ 
der, it was reduced to Powder, much in the fame 
manner as is faid to have happen’d to fome Men 
who had been ftruck with Lightning. Now, it was 
not poffible for this Glafs to receive, or convey to 
the Body of the Drop any Vibrations j or if any, 
they muft be infinitely fmall; and yet the Effect was 
preeifely the fame as ufual. Therefore the Syftem of 
Vibrations is not happier than thofe invented before 
it. 

It is among the Giafs-workers, and in their Art, 
that the Secret of the Lacryma Batavica, or Glafs- 
Drop, is to be fought; and there it is that I think I 
have difcover’d it. 

All thofe who have feen Glafs-houfes know, that 
when a Piece fails in the Hands of a Workman, he 
throws it afide; and this Piece is not long expofed 
to the Air, before it breaks in Pieces: And when 
the fame Workman has fucceeded in making a Piece, 
and is willing to preferve it, he takes great Care not 
to let it cool in the Air; but carries it hot into an¬ 
other Oven of a moderate Heat, where he leaves it 
for a certain Space of Time. And this laft Opera¬ 
tion is called Annealing the Glafs. 

A natural Philofopner, who is Witnefs to this 
Management, ought to inquire into the Reafons and 
Neceffity of it. 

How comes it that the Glafs, which cools in the 
Air, breaks; and when it has been nealed, it does 
not break ? This is the Rcafon, if I am not mil- 
taken. 

A Bit of melted Glafs, red-hot and liquid at the 
fame time, is in that State, purely becaufe its Par¬ 
ticles are. divided by fo great a Quantity of Particles 
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of Fire, or fubtil Matter fo violently agitated, that 
thefe component Parts of the Glafs do hardly touch 
one another : They fwim, if I may be allowed the 
Eicprefiion, in a Flood of this Matter of Fire; and 
for this Realon it is, that melted Glafs affe&s the 
Colours of Flame. 

When this Subftance is expofcd to the Air, the 
Coolnefs of this Fluid, which touches the Surface of 
the Giais,cools that Surface firft; thatis, brings thePar- 
ticlcs nearer together, braces tncirjlPores, and thus im- 
prilons the Particles of Fire, which ftill fill thelnfide 
of this Subftance. While thele fiery Particles find 
Pores enough on the Surface, to move freely, the 
Giafs continues whole,- but when the Glafs grows 
colder, that is, when the Pores of its Surface begin 
to confine thefe fiery Particles; then their whole 
Action is exerted againft the Parts of the Glafs, 
which they break into a thoufand Pieces. In order 
to avoid this Fracas, nothing more is requifite than 
to keep the Pores on the Surface of the Giafs wide 
enough, that the fiery Particles contain’d therein 
may pafs through, and fly off infenfibly. Now, this 
is what is done, by putting the hot Piece of Glafs 
into an Oven, the moderate Heat of which keeps 
thefe Pores open to a certain Pitch, and yet allows 
the Glafs to acquire its due Confidence in this State 
of middling Porofity : Wherein confifts the An¬ 
nealing of Glafs and other fufed Subftances. 

Hence it appears, that all unnealed Glafs carries 
within itfelf its Principle of Deftrudion, which is 
the Matter of Fire imprifoned. But the Lachryma 
Batavlca ,„ or Glafs-Drop is in this refped, in a 
worfe Cafe ftill than unnealed Glafs : For befides 
that it has not been expofed to this fecondary Heat, 
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which keeps its Pores open, till the Glafs has ac¬ 
quired its due Confidence, for Fear that the Cool- 
nefs of the Air alone fhould not clofe its Pores foon. 
enough, and imprifon a fufficient Quantity of the 
igneous Matter, it is fuddcnly thrown into cold 
Water, which by its Coldnefs and Weight is fitter 
than the Air to produce fuch an Effed fpcedily and 
effedually. Wherefore the only furprifing Circum- 
ftance in thefe Glafs-Drops is, that any of them re¬ 
main without breaking, by the great Quantity of 
igneous Matter fuddenly fhut up in them by the 
cold Water. And indeed this Accident befalls more 
than one half of them; and thofe that efcape, doubt- 
lefs owe their Prefervation to the fpherical or cy¬ 
lindrical Figure of the compad Shell, which the 
Coldnefs of the Water forms on their Surface : For 
it is well known that this Figure produces an Equa¬ 
lity of R.efiftance on all Sides, which confidcrably 
encreafes the refitting Force : And this is the firft 
Reafon why, as foon as this Equilibrium is broken, 
either by rubbing away one Side of this Surface, or 
by making a Hole in it, or, in fine, by breaking the 
fmall End of the Drop ; the Refiftance is inftantly 
overcome, and the igneous Matter, imprifoned with¬ 
in the Glafs, and conflantly upon the Strain againfl: 
it, burfts it into Powder. 

This deftroyed Equilibrium is but one Difpofi- 
tion that favours the Effed of the imprifon’d igne¬ 
ous Matter: But the Communication which is opened 
for it with the fubtile exterior Fluids, roufes this 
Matter which is in a State of Inactivity, develops its 
Spring, kindics it fomewhat in the Manner of the 
Phofohorus, which produces no Effed while dole 
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fhut up, but takes Fire, as foon as a free Commu¬ 
nication with the outward Air is given it. 

On the Union of thefe Caufes depend the Phoe- 
nomena of the Glafs-Drop. It is of aHardncfs that 
relifts the Strokes of a Hammer, becaufe the violent 
Condenfation, given to its Surface by the cold Wa¬ 
ter, into which it was thrown when in a foft State, 
render'd its Texture very clofe, compad, and con- 
fequently hard. 

It burfts with great Noifej and in fo doing it re¬ 
tains the Character of all the Effeds produced by 
the Explofion of the igneous Matter. 

Its Duft flies two or three Feet all around, becaufe 
it is pufh’d forward by the Adion of a Fluid con¬ 
tained in its Centre ; which would not happen, if 
it had been the EfFed of an exterior Fluid. This 
fame Duft of the Glafs-Drop darts forward with 
greater Force in the Air-Pump than in the Air, be¬ 
caufe the Air is an Obftacle, of which it is freed in 
the Receiver of the Air-Pump : Wherefore it fome- 
times breaks the Receiver * and for the fame Reafon 
its Duft is finer, that is, more minutely broken, as 
being done by a ftronger Power, and lefs counter¬ 
balanced. 

This violent Explofion produces Light, becaufe the 
Property of fhining Lightning is always the Effed of 
fuch an Explofion of the Matter of Fire : Wherefore 
this Fad affords another Proof, that this Matter is 
the Principle of the Phoenomenon of the Drop. 

If the Surface of the Drop be ground with fine 
Powder of Emery, imbibed with Oil, it frequently 
happens, that it does not burft; becaufe the Sort of 
oily Maftic that refults from this Mixture, flops the 
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Pores of the Drop, and prevents the fuddett Com¬ 
munication of the exterior Fluids with the imprifoned 
igneous Matter $ and as Glafs cannot be ground with 
very fine Emery and Oil, but by long rubbing i fuch 
rubbing heats the Drop, and gradually opens the 
Pores fo as to grant an infenfible Paflage to the igneous 
Matter, whereby the Drop becomes at laft in the fame 
Cafe with nealed Glafs; and in the Cafe in which 
itfelf is, when it is put into the Oven to be nealed. 

When a Glafs-Drop is made, by fufpending it in 
the Air only, it does not break fooner than nealed 
Glafs: Becaufe as this fmall Mafs of Glafs retains its 
Heat a long while in the Air, the Heat ferves as a 
Nealing-Oven, and keeps its Pores dilated long 
enough for the igneous Particles to find a free Paffage. 

The Principles, by which I have accounted for the 
Effe&s of the Glafs-Drop, are not confined to this 
Phenomenon alone : They 2re nrore general than 
is commonly imagined. Some Corollaries, which I 
fhaU deduce from them, will prove what I advance. 

The Tempering of Steel. 

Steel, like the Glafs-Drop, acquires its Hardnefs by 
being plunged into Water: And if MelT. Marjotte and 
Homberg had compared them together in this Cir- 
cumftance alone, they had been in the right. 

The nioft celebrated natural Philofophers, in order 
to account for the tempering of Steel, have had re- 
courfe to different Arrangements of its Parts produced 
by the Fire, and fixed, by the Cold of the Water, in 
the new State, in which the violent Heat had put 
them. 
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The Mechanifm of the tempering of Glafs Drops, 
applied to that of Steel, is therhe moft Ample of all 
the Hypothecs, and anfwers all its Properties, which 
are thefe: 

i. Tempered Steel has a coarfer Grain. 2. Is is 
increafed in Bulk. 3. Itis harder and brittler. 4, 
By annealing it becomes lefs brittle. 

Explanation . Steel made red-hot is filled and 
fvvelled, and its Pores dilated, by the igneous Matter. 
In this State, the cold Water, into which it is thrown, 
comprcfies and clofes the Parts of the Surface, while 
the impri foned igneous Matter dilates the Pores 
within: Thus the Texture of Steel becomes more 
compad by thel'e two Caufes, while its Pores are 
dilated. 

Thefe large Pores conftitute the coarfe Grain of 
tempered Steel. Its Dilatation by the igneous Mat¬ 
ter, which could not be thoroughly condenfed by 
the Cold of the Water, caufes its augmented Bulk : 
The clofc Texture of the Subftancc that furrounds the 
Pores, and the impnfoned igneous Matter, occaAon 
its Hardnefs and Brittlenefs. Its Recodion or An¬ 
nealing deprives it of this Brittlenefs, and of a Part 
of its Hardnefs: Becaute it opens this Texture, which 
it relaxes at the Expence of the neighbouring Pores, 
and drives the igneous Matter out of it. 

Fermentation , 

The Fermentation of Acids and Alkali’s feem, to 
tr*e to be another Corollary of the lame Principle. 
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Firft, It is pretty univcrfally allowed, that the 
acid Particles have the Figure of fuiall Needles } and 
that Alkali’s are fpheroidal or poiyhedrous Bodies 
with a vaft Number of Bodies proper to admit the 
acid Needles. 

Secondly , Experience fhews, that Salts are alka- 
lifed by Fire, and that our juices are alkalilcd by 
Heat, &c. What can the repeated Action of the 
Fire produce on Saits, in order to alkalife them > It 
calcines them, blunts their Points, and hollows them 
with a vaft Number of Pores } and we fee with the 
naked Eye, that Calcination has this Effect on all 
Bodies. In a word, it .converts an angular very folid 
Body into a very porous and light Spheroid ; and this 
Body is an Alkali by the firft Suppofition. 

Thirdly , Calcination introduces, and generally 
leaves in the Pores of the calcined Body, after the 
Operation, a great Quantity of igneous Matter. This 
Matter is perceptible to the Senles in the Lapis Bo 
nonienjls, which becomes a Phofphorus by Calcina¬ 
tion i in Lime-Stone, which by Calcination is fur- 
milled with fo great a Quantity of igneous Matter, 
that in the Effcrvefcence, which is raifed in it by 
throwing a little Water on this Stone, you may 
kindle Sulphur or a Match by it. The Alcaline, or 
aicalizcd Salts alfo, that is, thofe which are calcined, 
have their Pores full of the igneous Matter. 

Fourthly , Such is the Nature of the igneous Mat¬ 
ter, that it tears a finder whatever oppofes its Paf- 
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fage, and makes it fly off with a Report. This Prin¬ 
ciple is univerfally allowed: The Effects of Gun¬ 
powder, of Volcano’s and Earthquakes, prove it : 
And to come nearer our Subjed, unnealed Giafs 
breaks in the Air, and the Lacryma Batavica does 
as much upon breaking its fmall End. 

Whereas an Alkali is a fpongious Body filled with 
the igneous Matter, and an Acid are Points propor¬ 
tioned to thefe Pores; thefe ought to be regarded as 
fo many Pegs or Pins, which enter into the Holes 
on the Surface of the Alkali, and fill them up exadly : 
Whereby the igneous Matter is imprifoned ; and by 
the preceding Principle it burfts the alcaline Globule 
with Noife, and fcatters around the acid Pegs, in the 
lame manner as it burft the Glafs-Drop. 

A Mixture of an alkaline and acid Liquor being 
compofed of an infinite Number of fuch Particles 
that burft and broke to Pieces, the Liquor muft take 
up more room, or fwcll. The Particles of Air 
therein contained, being tofled about by all thole 
little Explofior.s, together with the neutral Liquors, 
which are a Vehicle to the Salts, form the Scum or 
Troth j and the igneous Matter, which gets out of 
the Alkali’s, and is agitated by the Shocks of all thefe 
Explofions, produces Heat, drags with it the aqueous 
and other volatile Particles, which form the Steam. 

Yet there are cold Fermentations, becaufe then, 
either the Motion of the Particles of Fire, and their 
Fracas, is inconfidcrablc } or becaufe thefe Particles 
fly off eafiiy by a direct Morion. Moreover, attlfts 
Day that we have it in our Power to be convinced, 
that the triifh or Stream of elect tic Matter is very 
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cold, nobody will be furprifed, that a Stream of 
the Matter of Fire may produce Cold. 

If all the alcalious Corpufcles burfted at once, the 
Fermentation would laft but an Inftant: But as the 
acid Liquor requires a certain Space of Time, to pe¬ 
netrate the whole alcaline Liquor, and fill the Pores 
of the alcalious Corpufcles, the Fermentation is per¬ 
formed fucceffively in a certain Number of Cor¬ 
pufcles at a time, until they are all broken: And 
this Succeflion conftitutes the Duration of the Fer¬ 
mentation ; which ceafes when there are none of 
the Alkali’s left entire. 

Thefe Principles not only ferve to explain the 
Fermentation which refults from the Mixture of 
Acids and Alkali’s, but alfo almoft all the Motions 
of this Kind, which are occafioned by the Mixture 
or Penetration of two or more Subfiances. 

For Example j Lime, which we have mentioned 
above as a Body filled with the Matter of Fire, and 
which produces an Effervefcence capable of lighting 
Sulphur, if Water be thrown on it; Lime, I fay, 
produces this Effefr, only becaufe the Particles of 
Water, which enter into its Pores, have a Ten¬ 
dency to fhut up the igneous Particles more clofeiy. 
It is by a Mcchanifm entirely fimilar, that Hombergs 
Phofphorus kindles into Flame, upon being expofed 
to the Air: 'Tis upon this Principle likewile, that a 
Mixture of Spirit of Wine and Water acquires a 
new Degree of Heat; and fo of other Phenomena 
of this Nature. 
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